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ABSTRACT
% la study was an attem pt to In v e stig a te  the  
r a tio  p ro p ertie s  o f  th e Munsell ehroma n ota tion  fo r  co lo r  
sa tu ra tio n .
The b a s ic  technique i s  th a t o f  the b is e c t io n  o f  a 
sa tu ra tio n  in te r v a l ,  u sing  standard psychophysical procedures 
to  determine in d ir e c t ly  th e m id-point o f  th e in te r n a l. The 
stim ulus materisû.8 were Munsell ch ips o f  four h ues, cover­
ing a chroma range o f  0 to  14.
The r e s u lt s  o f  the present experiment in d ica te  
th a t th e Munsell chroma sc a le  does not a c tu a lly  r e f l e c t  per­
ceived  sa tu ra tion  r a t io s .  The p rec is io n  o f  th e presen t 
technique o f  s c a lin g , b ise c t io n  o f  an in te r v a l u sin g  the  
method o f  constant s t im u li , i s  coj^arable to previous s tu d ie s  
and i s  w ith in  the l im it s  o f  stim ulus v a r ia b i l i t y .
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PREFACE
t h i s  study rep orts a furthar step  la  th e  Invest* 
Ig e tio n  o f  co lo r  sa ta r a tlo a  sad I s  1msed in  part on pre­
v iou s researoti earried  out by J . T. Seiq^visti a t t h i s  
U n iv ers ity .
The author w iih es to  express h is  g ra te fu l  
ap p recia tion  to  Dr. A. A. a s ith  who i n i t i a l l y  proposed the  
study *md whose p a tie n t guidance was so h e lp fu l in  i t s  
execu tion . He i s  a lso  indebted to  Hev. B. C. I^hr, whose 
su ggestion s were h « c i f i e ia l  in  organ izing  and c la r ify in g  
the te x t  o f  th e  t h e s i s .  F in a lly , he exp resses h is  thanks 
to  Dorothy Fleming idio d i l ig e n t ly  typed the many d r a fts  
8oid to  the su b jec ts  who gave generously o f  ^ e i r  tim e.
i l l
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CHAPTER 1 
INTRODUCTION
The presen t day s c ie n t i s t  con ceives o f  c o lo r  in
terms o f  th e  dual concepts o f  rad ien t energy and su b jec tiv e
se n sa tio n . The O p tica l S o c ie ty  o f  ^ eerioa , (1959, P. 221),
d e fin e s  co lo r  in  th e fo llo w in g  way#
Color c o n s is t s  o f  th e  ^ a r a o t e r i s t i c s  o f  
l ig h t  o th er  than s p a t ia l  and temporal 
inhom ogeneities, l ig h t  being th a t asp ect  
o f  rad iant emer®r o f  which a hueam ob­
serv er  i s  aware through th e  usual sa o sa -  
t ie n s  which a r is e  from th e  stim u la tion  
o f  th e r e tin a  o f  th e eye ,
ih u s , co lo r  must in clu d e both concepts o f  ra d ia tio n  and 
sen sa tion ; i t  i s  iu>t complete as on ly  one o f  th e se .
The concept o f  rad iant energy i s  most u se fu l to  the  
p h y s ic is t  in  sp e c ify in g  th e  nature o f  c o lo r . As in  a l l  phy­
s i c a l  ev e n ts , the p erception  o f  c o lo r  can be considered in  
tezms o f  th e tr a n sfe r  o f  energy from a source to  th e  eye o f  
an ob server. This tra n sfe r  can be described  b f sp e c ify in g  
(a ) the ra te  o f  flow  o f  rad iant « terg y , the s o -c a lle d  rad­
ia n t f lu x , and (b) the way in  which th e  f lu x  I s  d is tr ib u te d  
throughout the v is a b le  spectrum, over a l l  wave le n g th s  to  
whi<d} recep tor c e l l s  in  the eye are s e n s i t iv e .  From the  
p h y sica l p o in t o f  v iew , th en , co lo r  (o f  an o b je c t , or  o f  a 
l ig h t  source) c#m be com pletely and unequivocally  s p e c if ie d
1
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by sp e c ify in g  th e  amount and d i s t r i b u t io n  o f  th e  r a d ia n t  
f lu x  p a s s in g  through a  g iven  a re a  in  th e  d i r e c t io n  o f  th e  
o b se rv e r .
P sy c h o lo g ic a lly , ( i . e . ,  from th e  p o in t  o f  view o f  
th e  o b s e rv e rs ) ,  th e s e  concep ts  seem to  have l i t t l e  to  do w ith  
th e  d i r e c t  e x p e rie n c e . Two q u i te  d i f f e r e n t  d i s t r ib u t io n s  o f  
s p e c t r a l  r a d ia n t  f lu x  (and t h i s  i s  th e  b a s ic  f a c t  on which 
system s o f  c o lo r  p o in t in g , c o lo r  photography and c o lo r  t e l e ­
v is io n  a re  based) can g iv e  r i s e  to  e q u iv a le n t c o lo r  p e rcep ­
t io n s .  C onversely , I d e n t ic a l  s p e c t r a l  d e s c r ip t io n  can ap p ear 
d i f f e r e n t ly  depending on th e  "appearance mode" ( to  be d i s ­
cussed  l a t e r ) ,  th e  p resen ce  o r  absence o f  th e  c o lo rs  in  th e  
t o t a l  f i e l d  o f  v iew , and th e  s t a t e  o f  ad a p tio n  o f  th e  eye 
p s y c h o lo g ic a lly . Then i t  i s  both  p o s s ib le  and p ro b ab le  to  
d e s c r ib e  c o lo r  in  term s o f  th r e e  p rim ary  d im ensions, o r  
a t t r ib u te s *  hue , s a tu r a t io n  and b r ig h tn e s s .  Hue r e f e r s  to  th e  
d i s t i n c t io n  we make between a  r e d , a  yellow  and a  b lu e ; s a t ­
u r a t io n  to  th e  d i s t i n c t io n  between a  g rey , a  p in k , and a  re d ; 
and b r ig h tn e s s  to  th e  p e rce iv ed  d if fe re n c e  between b la c k , 
g rey , and w h ite . C e r ta in  com bination o f  th e s e  a t t r i b u t e s  
have f a i r l y  w e ll reco g n ized  c h a r a c t e r i s t i c s ;  f o r  exam ple, a  
c o lo r  ap p ears p a l e r ,  i f  i t  i s  both  l i g h t e r  and mare l i k e  a  
g rey , o r  d eep e r, i f  i t  i s  bo th  more s a tu ra te d  and d a rk e r .
Of th e  th r e e ,  h u e , s a tu r a t io n ,  and b r ig h tn e s s ,  
s a tu r a t io n  seems to  be th e  most d i f f i c u l t  to  d e f in e  ad eq u ate­
l y .  I t  has been d e f in e d  by s e v e ra l  a u th o rs  in  s l i ^ t l y
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3d iffe r e n t  ways but u su a lly  i t  i s  considered to  be a fun ction  
o f  the content o f  grey In each sample. One d e f in it io n  i s  
th a t sa tu ra tion  i s  "that a ttr ib u te  o f  a l l  co lo rs  p o ssess in g  
a hue which determ ines th e ir  degree o f  d iffer en ce  from a grey  
o f  the same b r illa n c e" . (Jones and Lowry, 1926, p . 23 ). 
Another d e f in it io n  i s  th a t sa tu ra tio n  i s  "the a ttr ib u te  o f  
any chromatic co lo r  which determ ines the degree o f  i t s  d i f f e r ­
ence from the achrom atic co lo r  most c lo s e ly  resem bling i t " .  
(Judd, 1940, p . 23 ).
Saturation  can be described  in  terms o f  high s a t ­
u ra tio n , medium sa tu ra tion  and low sa tu ra tio n . When the  
chromatic component o f  a l i ^ t ,  which i s  made up o f  both chro­
m atic and achromatic l i g h t ,  i s  in creased , the sa tu ra tio n  o f  
the co lor  sen sa tio n  changes w ith i t .  (Newhall, N ickerson and 
Judd, 1943 , p . 544).
Evans (1959), in  d iscu ss in g  the Munsell system  with  
regard to grey content o f  each co lo r , says th a t when hue and 
luminance are con stan t, the grey decreases as th e  sa tu ra tio n  
in cr ea se s . That i s ,  the grey i s  gradually d isp laced  by the  
chromatic elem ent. Again, when th e hue and chroma are con­
sta n t the grey content or va lue appears to  remain the same 
in  a l l  o f  th e  sam ples, dhe grey content not on ly  w i l l  cause 
co lo rs to change in  sa tu ra tion  but i t  w i l l  a lso  a c t as a chan­
ge in  b r ig h tn ess .
S ince i t  i s  p o ss ib le  to  pass in  ( f in e )  gradations
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
f:pom any one su rface co lo r  to any o th er , th ese  co lo rs  may be 
represented  by p o in ts  in  a space diagram in  which the dimen­
sio n s in  c y lin d r ic a l co -ord in ates are b r i^ t n e s s ,  sa tu ra tion  
and hue. F igu re  1 shows th e se  dimensions in  ob liq ue p ro jec­
t io n . B rightness i s  p lo tte d  along the cen tra l a x is  w ith black  
a t the bottom and proceeding throu#i the greys to  w hite a t  th e  
top . Saturation  i s  represented  by perpendicular d ista n ce  
from the v e r t ic a l  b righ tn ess a x is  and the hues by the angle  
around th e  a x is . Surface co lo rs  perceived  to  be eq u a lly  b righ t 
w il l  form a  f l a t  d isc  on one h o r izo n ta l plane in  the co lo r  
s o l id .  Colors perceived  to  be o f  the same hue w i l l  be repre­
sented  by a v e r t ic a l  plane in te r se c t in g  the b lack-w hite a x is .  
Those perceived  to  be o f  th e  same sa tu ra tion  w i l l  form a 
c ir c u la r  cy lin d er  co a x ia l w ith the l in e  o f  greys on the b lack -  
w hite a x is ,  which a re  o f  zero sa tu ra tio n  or no hue a t  a l l .
Another fa c to r  which e f f e c t s  the p erception  o f  
co lo r  i s  the mode in  which the co lo r  i s  p erceived . There are 
sev era l o f  th ese  d if fe r e n t  modes. The illum in ant mode i s  one 
in  which the co lo r  i s  perceived  as belonging to  a source o f  
l i g h t .  The illu m in a tio n  mode i s  co lo r  whlWi i s  r e f le o te d  from 
6\n o b ject or  su rfa ce . Oalor belonging to  a su rface i s  sa id  
to be in  the su rface mode. Color perceived  from l ig h t  p ass­
ing through a transparent substance i s  known as the volume 
mode. The f ilm  mode i s  obtained when a colored  r e f le c t in g  sur­
fa ce  i s  seen through an aperature in  a screen  Which re v ea ls
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.






Pig* 1 . O rg an iza tio n  o f  c o lo r  p e rc e p tio n  space
The f ilm  imde i s  o b ta in e d  by th e  u se  o f  a p e ra tu re  
because th e  o b se rv e r  ex p e rien ces  a  lo s s  o f  focus* % e  o b se r­
v e r  n a tu r a l ly  fo cu ses  on th e  p lan e  o f  th e  s u r fa c e  c o n ta in in g  
th e  a p e ra tu re ,  b u t th e  s tim u lu s  c o lo r  i s  f a r th e r  away. (OSA 
1943 , p . 147 ) ,  T h is mode, a l th o u # i somewhat a r t i f i c i a l ,  i s  
ex trem ely  u s e fu l  s in c e  c o lo r  p e rc e p tio n  depends s o le ly  on 
v a r ia t io n s  in  th e  prim ary  c o lo r  d im ensions, h u e , s a tu r a t io n  
and b r ig h tn e s s ,  and n o t on o th e r  f a c to r s  p e c u l ia r  to  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
p a r t i c u l a r  s u r fa c e .
A com plete th e o ry  o f  c o lo r  (n o t y e t  advanced) 
chould In c lu d e  a t  l e a s t  (a )  th e  p h y s ic a l a s p e c t ,  and (b ) th e  
p sy c h o lo g ic a l a s p e c t;  and s in c e  th e re  i s  no o n e -to -o n e  
correspondence betwemi th e s e  two concep ts  (c )  a  com prehensive 
account o f  th e  p sy ch o lo p h y slca l fu n c tio n  o r  fu n c tio n s  r e l a t ­
in g  them. % e req u irem en ts  o f  (a) a re  met in  p r in c ip le  by 
g iv in g  th e  s p e c t r a l  d i s t r i b u t io n  o f  r a d ia n t  f lu x ; th o se  o f  
(c )  a re  p a r t i a l l y  s a t i s f i e d  bX s t a t i n g  th e  p r o p e r t ie s  o f  th r e e  
e lem entary  o r  p rim ary  c o lo rs  w hich, when mixed, w i l l  y ie ld  an 
e q u iv a le n t p e rc e p tio n .
Ib e  q u a n t i f i c a t io n  o f  p rim ary  p sy c h o lo g ic a l dimen­
s io n s  has been approached by a  v a r ie ty  o f  c o lo r  n o ta t io n  sy s­
tem s, th a t  developed by A.H, M unsell in  1909 being  th e  most 
w idely  used  and u s e f u l .  The M unsell system  I s  in  essen ce  a  
la rg e  c o l le c t io n  o f  s ta n d a rd  <X)lor c h ip s , c a r e fu l ly  p a in te d  
and r e l i a b ly  rep ro d u cea b le , v a ry in g  a lo n g  th e  th r e e  prim ary  
dim ensions o f  hue , b r ig h tn e s s  (v a lu e . In  M unsell te rm in o lo g y ) 
and s a tu r a t io n  (o r  chrom a). S uccessive  sam ples a lo n g  euiy one 
o f  th e s e  dim ensions a re  d esigned  to  r e p re s e n t equal "sense  
d is ta n c e s " .  That I s  to  sa y , th e  p e rce iv ed  d if f e re n c e  in  
b r ig h tn e s s  between ch ip s  o f  v a lu e  one and two shou ld  equal th e  
p e rc e iv e d  d if fe re n c e  between v a lu e  two and th r e e  and so on 
o v er th e  whole v a lu e  s c a le  from zero  (b la c k )  to  te n  (w h ite ) . 
S im ila r  s ta te m e n ts  h o ld  f o r  th e  d if fe re n c e s  a lo n g  th e  o th e r  
d im ensions. % e  o r ig in a l  M unsell n o ta t io n  was d e fe c t iv e  In
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a  number o f  a s p e c ts .  Ih e  r e n o ta t io n  by N ew hall, N ickerson 
and Judd in  19^3 ap p ears to  have y ie ld e d  sam ples which a re  
s a t i s f a c t o r i l y  spaced a t  equal i n t e r v a l s  a long  th e  th re e  
prim ary  d im ensions, and th u s  p e rm its  a  p r a c t i c a l  and r e l i a b l e  
tech n iq u e  f o r  th e  measurement o f  c o lo r .
B efore th e  M unsell r e n o ta t io n  can be accep ted  as  
th e  f i n a l  answer to  th e  problem  o f  th e  p sy c h o lo g ic a l s p e o i f i -  
c a n t o f  c o lo r ,  what i s  meant by "measurement" must be co n sid ­
e re d , The q u e s tio n  has been d isc u sse d  in  a  number o f  p la c e s  
and by a  number o f  a u th o rs  and most com prehensively  by S tevens 
(195D« B r ie f ly ,  a t  l e a s t  th r e e  k in d s o f  measurement can be 
d is t in q u is h e d . There i s ,  f i r s t ,  th e  assignm ent o f  numbers to  
phenom en^r to  a t t r i b u t e s  o f  phenomena in  such away th a t  th e  
o rd e r  o f  th e  numbers r e p re s e n ts  th e  o rd e r  o f  th e  phenomena, 
y ie ld in g  o rd in a l  s c a le s  o f  which th e  B eaufo rt s c a le  o f  wind 
fo rc e  and many in te l l ig e n c e  s c a le s  a re  r e p r e s e n t l t iv e .  At a  
h ig h e r  le v e l  o f  q u a n t i f i c a t io n ,  numbers can be a ss ig n ed  to  
phenomena so t h a t  equal d if f e re n c e s  between th e  numbers im ply 
equal d if f e re n c e s  between th e  a t t r i b u t e s  m easured. The s ta n d ­
a rd  C e n tlg ra te  and F ah ren h e it s c a le s  o f  tem p era tu re  a re  ex­
am ples from p h y s ic s . % e  M unsell s c a le s  appear to  be e q u a l-  
in te r v a l  s c a le s  in  psychology . F in a l ly ,  a s  th e  g o a l to  which 
th e  o th e r  forms o f  measurement a re  o f te n  tho u g h t o f  a s  approx­
im a tio n s , i s  th e  assignm ent o f  numbers so t h a t  th e  r a t i o s  o f  
th e  numbers r e p re s e n t  ad eq u a te ly  r a t i o s  o f  th e  a t t r i b u t e s , .
The fundam ental p h y s ic a l m easurements o f  le n g th ,  m ass, and
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8tim e a re  o f  t h i s  k in d ; p sy c h o lo g ic a l examples a re  u n fo r tu n ­
a te ly  r a r e  bu t a re  p o s s ib ly  re p re s e n te d  by th e  sone s c a le  f o r  
lo u d n ess , and a  few o th e r s .  In  th e  p re s e n t In s ta n c e , th e  
concern i s  w ith  th e  p sy c h o lo g ic a l measurement o f  s a tu r a t io n ,  
and, in  p a r t i c u l a r ,  w ith  th e  q u e s tio n  a s  to  w hether th e  equal 
in te r v a l  M unsell Chroma s c a le  r e p re s e n ts  s a tu r a t io n  r a t i o s .
A com plete concep t o f  c o lo r  co nsequen tly  must in ­
clude  th e  p h y s ic a l ,  p sy c h o lo g ic a l and p sy tA ophysica l a s p e c ts .  
However, f o r  s tu d y  o r  p r a c t i c a l  use  in  in d u s try ,  one o f  th e  
concep ts a lo n e  can be h e lp fu l  and u s e fu l  in  so lv in g  p a r t ic u ­
l a r  problem s. T his was th e  approach used by A. H. M unsell 
in  1909 when he developed a  c o lo r  appearance system  o f  c o lo r  
n o ta t io n .  The system  i s  based on th r e e  c o -o rd in a te s ,  hue, 
chroma and v a lu e , co rresp o n d in g  to  hue , s a tu r a t io n  and b r ig h t ­
n e s s , r e s p e c t iv e ly .  % i s  system  was re n o ta te d  in  1943 by th e  
O p tic a l S o c ie ty  o f  America (OSA), Committee on C olorim etry  
(N ew hall, N ickerson and Judd, 1943).
I t  was th e  o r ig in a l  aim o f  M unsell th a t  th e  b r ig h t ­
n e s s , hue, and s a tu r a t io n  o f  th e s e  c o lo rs  irauld be equal 
sense d is ta n c e s .  T h is was th e  purpose o f  th e  OSA subcommit­
te e  when th e  r e n o ta t io n  was done by a  p a r t i c u l a r  method o f  
r a t i o  s c a l in g .
Although s c a le s  have been c re a te d  in  o th e r  a r e a s ,  
l i t t l e  has been done in  th e  p a s t  w ith  c o lo r  s a tu r a t io n .  Mun­
s e l l  (1909) ,  a s  we have seen , was th e  f i r s t  to  t r y  to  c r e a te  
a  s c a le  which would g iv e  p sy c h o lo g ic a lly  e q u id is ta n t  sp ac in g
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to  th e  s a tu r a t io n  o f  a  number o f  h u es . L a te r  in  1925* Lowry 
and Jo n es , c re a te d  a  s c a le  which gave th e  j . n . d .  s te p s  in  
s a tu r a t io n  f o r  s e v e ra l  h u es .
Purdy ( 1931» p . 313)# d id  n o t develop  a  s c a le  bu t 
d id  measure i n t e n s i t i e s  a t  th e  low er th re s h o ld  o f  s a tu r a t io n  
and a t  th e  v is u a l  l i m i t .  He found th a t  a t  th e  th re s h o ld  o f  
v i s i b i l i t y  th e re  i s  no s e n s a tio n  o f  s a tu r a t io n  and a t  low 
i n t e n s i t i e s  th e  s a tu r a t io n  i s  o n ly  p a r t i a l .
The l a s t  m ajor s c a le  was com pleted in  1943 by th e  
OSA subcom m ittee on th e  sp ac in g  o f  th e  M unsell C olors (New­
h a l l ,  N ickerson and Judd, 1943), T his work i s  co n s id e red  to  
be c lo s e r  to  th e  o r ig in a l  purpose o f  A. H, M unsell, which was 
to  c re a te  a  s c a le  o f  p sy c h o lo g ica l e q u id is ta n c e  and p r a c t i c a l  
u se fu ln e s s  (03Â, p . 225) .
Complex p ro ced u res  o f  o b se rv a tio n  and com putation , 
known f o r  many y ea rs  a s  th e  p sy ch o -p h y sica l m ethods, a re  
n ec essa ry  in  th e  c o n s tru c tio n  o f  s c a le s .  V arious methods 
have been used depending upon th e  s iz e  o f  th e  s te p s  in  th e  
s c a le s .  The method o f  p a ire d  com parisons p ro v id e s  num erica l 
f re q u e n c ie s  o f  judgments which a re  used as  a  b a s is  f o r  la y in g  
o u t th e  r e l a t i v e  v is u a l  sp ac in g  o f  th e  sam ples. The method 
o f  s in g le  s t im u li  i s  u s e fu l in  c r e a t in g  s c a le s  w ith  l a r g e r  
s te p s .  The o b se rv e r  can d is t in q u is h  d i f f e r e n t  hues and 
w hether th e  c o lo r  i s  " s a tu ra te d "  o r  " d e s a tu ra te d " .
The r a t i o  method has th e  g r e a te s t  number o f  v a r i a ­
t io n s .  The r e la t io n s h ip s  o f  th e  judged in te r v a l  to  th e  u n i t
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in te r v a l  a re  matched in  th e  p h y s ic a l and p sy ch o p h y sica l 
m easurem ents. These sam ples p ro v id es  a  b a s is  fo r  adding u n i t s  
u n t i l  th e  s c a le  g iv e s  equal v is u a l  sp ac in g . Maxwell (1929) 
used t h i s  method in  m easuring th e  s a tu r a t io n  o f  one rad  hue. 
His o b s e rv e rs , a  group o f  boys, p u t a  mark co rresp o n d in g  to  
t h e i r  im p ressio n s o f  th e  s tim u lu s , a  m ix tu re  o f  red  and w h ite  
on a c o lo r  w heel, on a  l i n e  10 cm. lo n g , la b e le d  red  a t  one 
end and w h ite  a t  th e  o th e r .  The r e s u l t s  were more a p p ro p r i­
a te  f o r  th e  s e a ls  rrOTX each end th a t  in  th e  c e n tr e .
Newhall (1950) o r ig in a te d  an o th e r v a r ia t io n  o f  th e  
r a t i o  method. His o b se rv e rs  a d ju s te d  and r e - a d ju s te d  th e  
lo c a t io n s  o f  sm all space m arkers in  a sim ple r e c ta n g u la r  
c o -o rd in a te  system . The r a t i o s  in  th e  space s e t  up by th e  
m arkers re p re s e n te d  th e  s e n s e - r a t io s  p e rce iv e d  in  th e  s tim u lu s . 
His r e s u l t s  were c o n s is te n t  and he su g g e s ts  th a t  th e  a p p a ra tu s  
can be checked by u s in g  th e  M unsell s c a le s  as  a c r i t e r i o n .
The method o f  b is e c t io n  i s  an o th e r v a r ia t io n  used  
in  develop ing  s c a le s .  The o b s e rv e r ’ s ta s k  i s  to  e s tim a te  a 
c o lo r ,  fo r  exam ple, which d iv id e s  th e  in te r v a l  eq u a lly  
between two te rm in a l c o lo r s .  A comparison o f  th e s e  observed  
v is u a l  r e l a t io n s  i s  made w ith  t h e i r  p sy ch o p h y sica l s p e c i f ic a ­
t io n s  and an equ ispaced  s c a le  r e s u l t s .
H arper (1948) in  u s in g  t h i s  method w ith  th e  e s tim a­
t io n  o f  w eig h ts  found a  c o n s is te n t  r a t i o  s c a le .  The s u b je c t  
chose one o f  th re e  w eigh ts  as  being  o n e -h a lf  as  heavy a s  th e  
s ta n d a rd , fieese (1943) was s u c c e s s fu l  in  c o n s tru c tin g  a  r a t i o
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;3cale fo r  th e  r a t e  o f  f l i c k e r in g  l i g h t .  He foimd sm all 
v a r i a b i l i t y  between s u b je c ts  in  th e  o n e -h a lf  judgm ents, and 
in  th e  shape o f  th e  cu rv es .
I t  i s  ev id en t th a t  r a t i o  s c a le s  developed by one- 
h a l f  judgments a re  s u c c e s s fu l .  The method o f  o b ta in in g  th e  
o n e -h a lf  p o in t  v a r ie s  from one experim en te r to  a n o th e r , how­
ev e r. There i s  a p o s s i b i l i t y  th a t  t h i s  f a c to r  would in f lu e n c e  
th e  shape o f  th e  r e s u l t in g  curve fo r  the s c a le .  V arious 
methods o f  o b ta in in g  th e  o n e -h a lf  p o in t  can be u sed . The ob­
s e rv e r  can a d ju s t  th e  ap p a ra tu s  h im se lf  u n t i l  he o b ta in s  a 
judged h a l f  p o in t .  The experim en ter can ta k e  th e  more a c t iv e  
p a r t  by p re s e n tin g  th e  s t im u li  by a  method o f  l i m i t s .  O r, th e  
method o f  c o n s ta n t s t im u li  can be used as an a l t e r n a t e  method. 
The r e s u l t s  o f  u s in g  th e se  d iv e rs e  methods a re  n o t known and 
no s tu d ie s  have been designed  fo r  t h i s  p u rp o se .
Sempowski, w orking from a d e f in i t io n  o f  s a tu r a t io n  
proposed by Sm ith, (Sempowski 19&3, p . 15)» !«©», th a t  
• s a tu r a t io n  i s  a  fu n c tio n  o f  th e  amount o f  n e u t r a l  g rey  
which must be added to  a c o lo r  so th a t  th e  m ix tu re  la  p e r ­
ce ived  as o n e -h a lf  as s a tu ra te d  as th e  o r ig in a l " ,  used  a 
method o f  l im i t s  to  o b ta in  th e  m id -p o in t fo r  a  s a tu r a t io n  
s c a le  o f  th re e  M unsell h u es , each o f  chrome 10. The s t im u li  
were th re e  c o lo r  w heels , one n e u t r a l  g rey , one o f  th e  hue o f  
chroma 10 and th e  t h i r d  a  com bination o f  th e  hue and th e  
n e u t r a l  g rey . % e  t h i r d  s tim u lu s  was p laced  between th e
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o th e r  and th e  m ix tu re  o f  g rey  on i t ,  and th e  hue could  be 
v a r ie d .  The p e rce n tag e  o f  g rey  was in c re a se d  u n t i l  th e  
o b se rv e r  re p o r te d  th a t  i t  appeared  ao re  l i k e  th e  g rey  th an  
th e  hue . Then, th e  g rey  p e rc e n t was d ec reased  u n t i l  th e  
o b se rv e r  re p o r te d  t h a t  i t  appeared  more l i k e  th e  h u e . The 
m id -p o in t was l a t e r  c a lc u la te d  from th e s e  m easurem ents.
Sempowski was a b le  to  show th a t  th e  judged one- 
h a l f  p o in ts  he o b ta in e d  d id  n o t co rrespond  to  th e  num erica l 
o n e -h a lf  p o in ts  o f  th e  re n o ta te d  M unsell Wiroma s c a le .  Only 
one o f  th e  th r e e  hues o f  chroma te n  used was judged to  have 
a  o n e -h a lf  p o in t  o f  chroma five*
T his p re s e n t  s tu d y  w i l l  have th e  d u a l purpose o f  
f u r th e r  in v e s t ig a t io n  o f  th e  o n e -h a lf  p o in ts  o f  th e  M unsell 
s c a le  o f  chroma and an  attesQ>t to  dem onstra te  th e  f e a s i b i l ­
i t y  and u s e fu ln e s s  o f  th e  method o f  o o n s ta n t s t im u li  in  
c r e a t in g  a  s c a le .  I t  may be p o s s ib le  to  deve lops a  r a t i o  
s c a le  o f  th e  M unsell ^ ro m a  which w i l l  have d i f f e r e n t  
c h a r a c te r i s t i c s  th an  th e  p re s e n t one developed by th e  OSA 
in  1943 . The method o f  c o n s ta n t s t im u li  w i l l  p o s s ib ly  be 
a  c o n tr ib u t io n  to  th e  a lre a d y  proven methods o f  s c a l in g .
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CHABTIB II  
KBTBOD
Observers
The 0*6 were vo lu ziteers, chosen a t  random from 
stud en ts enroled  In an Introductory course in  psychology  
a t th e U n iversity  o f  W indwr. There were n in e  fem ale and 
three male stud en ts between th e ages o f  18 and 21 years* No 
observer ^owed any d e f ic ie n c y  in  co lo r  v is io n  as a ssessed  
by a t e s t  on the Bausch and Lomb Orthorater*
The B asic Design
The experiment was arxenged so th a t th e  b is e c t io n  
p o in ts o f  a numWr sa tu M tio n  in te r v a ls  could be found in ­
d ir e c t ly  by the aethod o f  eon st«at stim u li*  2aeh sa tu ra tio n  
in te r v a l was defined  by two term inal or anchor s t im u lit  one 
was always a grey (o f  sere  sa tu r a tio n , by d e f in it io n )  |  the  
oth er  was o f  r e la t iv e ly  h i #  saturation# as measured by i t s  
Munsell chroma. Between th ese  anWaors was p r e sw te d  a  th ird  
stim ulus o f  in term ed iate saturation# again as measured by 
i t s  Munsell chroma* A ll th ree  s t im u li were equated fo r  hue 
mad b righ tn ess in  t e r w  o f  th e ir  Munsell hue «ad va lu e  
n o ta tio n s .
0 was asked to  in d ic a te  which o f  th e  two anchor
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
pointa W*o In toraod làto  atlmwlu# mor# nearly  resem bled. For 
ea<âi sa tu ra tio n  In terval#  four Interm ediate s t im u li were 
used# eaeAi d if fe r in g  from one a m th er  mad from th e anWaor 
st im u li on ly  in  satWMmtion# 0 made t#o  judgeamats to  eaOh 
o f  th e in term ed iate s t im u li .
The obtained  frequeney data were then  used to  c a l­
c u la te  the required Munsell «Aroma o f  a stim ulus which# i f  
presented# would be judged h a lf  th e  tim e more l ik e  lAe 
chromatic ancAor and h a lf  th e  tim e more l ik e  th e  grey anchor. 
This ca lcu la ted  half-chrom a was ta k w  as th e chroma n o ta tio n  
o f  th e  stim ulus which would appear h«üLf a s sa turated  as #%e 
stim ulus idiich furnished th e  (Aromatic anchor o f  th e saturvM* 
t io n  in te r v a l being b ise c te d . The proceedure was repeated  
fo r  a number o f  sa tu ra tio n  in terv a ls#  d if fe r in g  w ith  re sp ect  
to  the hue and sa tu ra tio n  o f  th e  chrom atic anchor.
Apparatus
The co lo r  s t im u li used were Munsell co lo r  ch ips  
chosen from the Munsell Color f i l e .  Table 1 g iv e s  th e  
Munsell n o ta tio n s  fo r  a l l  o f  th e  ch ips employed# am oiged  
to  show the anChor s t im u li and th e  in term ediate stim fL i. The 
Wiips were viewed on an apparatus i l lu s t r a t e d  in  Figure 2 
made up o f  a v e r t ic a l  screen  2^ inChes ^  ^  in<Aes and a 
h o riso n ta l base 20 in ch es 6 in ch es . Both th e  base and th e
screen  were painted  w ith a  f l a t  b lack p a in t . awA co lo r  # i p  
was h eld  in  a separate sw ta l frame with a handle tAiCh d ie -
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played eue m â  one^ helf Ineh equmre e f  th e  e e le r ,  «md *#e  
presented  frem W *lnd th e  e e r e ^  en th e  heee o f  th e  view ing  
appsratee ^ r e n #  a s l o t  in  the bottom o f  W%# ewpew#
Illu m in ation  ### by s ix  12 v o l t  0#»eral S le o tr lo  
number 57 las^ s# mounted 12 in # )e s  above th e  v iew ing  eurfaoe  
and sh ie ld ed  from th e observeras eyes by a auitaL hood. The 
e le e t r io a l  souree was am Moo d ir e s t  su r r m t supply re g u la t­
ed to  a oonstant v o lta g e  o f  12 v o l t s .  The t e s t in g  room was 
not e n t ir e ly  dark and dark adaption would not take p la s e .
The view ing d ia ta n se  fo r  e e ^  su bjeot was about 18 inshee#
The eubjeot m in istered  h is  ohoioes by d ep ressin g  
one o f  %m buttons on e ith e r  th e  l e f t  o r  r ig h t  s id e  o f  th e  
W as o f  # ie  ssreen*
frooedure
T he o b eerv w  was presented  with th e  n eu tra l g r e y
oo lor  # i ip  on h is  l e f t  «id  th e  saturated  o o lo r  on h is  r i # t .
T he oeotre # » lo r  was th e  desaturated  ^ i p  upon whi#% he
made a judgment. The oW erver was seated  in  fro n t o f  the
apparatus w ith th e se  sample #> lor (A lps on th e  i^pajm tus. The
observer was to ld :
You w i l l  W presented  w ith  three Ships 
o f  o o lo r . The one on th e  l e f t  i s  a  
grey tAi(A  you asqr oon sid sr to  be o f  
mere oolor# The one on th e  r ig h t  i s  
th e deepest o r  r io h e s t  o o lo r . The 
one in  th e  o # itr e  w i l l  be a  m ixture o f  
the two* lou  are to  indiiMite whlSh o f  
the two th e  osmtre one most r e s ^ b le s .
I t  i s  a m ixture o f  th e  o th er
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ln d lo a t«  i t  by pushing th e proper 
button .
There were a t o ta l  o f  ten  anidior p o in ts  o f  th e  
saturated  oh ip , th ree  eaeh fo r  th e rW  and yellow  «md two 
each fo r  the b lue and greim . There were four in tersw d ia te  
s t im u li fo r  each o f  the above# w ith t«a  Judgm^ntts to  each 
in term ediate stim ulus# fo r  a t o ta l  o f  four h a tr e d  judg­
ments by eaeh o .
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CHAPTER I I I  
RESULTS
The prim ary  d a ta  from t h i s  s tu d y  a re  th e  p e rc e n t­
ages o f  tim es eaeh in te rm e d ia te  c o lo r  ch ip  was chosen a s  
ap p earin g  more l i k e  th e  r ig h t  anchor p o in t .  These d a ta  
a re  p re se n te d  fo r  aaab s u b je c t  in  T ables 2 ,3 ,4  and 5* The 
d a ta  were th en  p lo t t e d  on p r o b a b i l i ty  p a p e r, th e  b e s t  f i t ­
t in g  s t r a i g h t  l i n e  drawn in  by eye , and th e  o n e -h a lf  p o in t  
chroma read  from th e  grs^h* An example o f  one p lo t  f o r  one 
0 i s  p re se n te d  in  Pig* 3* I t  g iv e s  th e  d a ta  and th e  f i t t e d  
l i n e  o b ta in e d  w ith  5R 5 A 4  as  th e  r ig h t  anchor p o in t .  The 
h a l f - s a tu r a te d  chroma fo r  t h i s  in te r v a l  and t h i s  0 i s  6*6 , 
These h a l f  p o in ts  a re  g iven  in  T ables 6 and 7* E stim a te s  
o f  th e  j .n * d , a t  th e  h a l f - p o in t  were o b ta in e d  by re a d in g  o f f  
th e  s e m i- in te r q u a r t i le  range from th e  p r o b a b i l i ty  p lo ts *  
These a re  a ls o  p re se n te d  in  T ables 6 and 7*
T able 8 shows th e  group av erag es o f  th e  d a ta  
p re se n te d  in  T ables 2 to  5* I t  c o n ta in s  th e  averaged  o n e- 
h a l f  p o in ts  f o r  each o f  th e  r i g h t  hand anchors and th e  av e r­
aged j .n .d s  f o r  each o n e -h a lf  p o in t*  The s ta n d a rd  d ev ia ­
t io n s  between th e  s u b je c ts  f o r  each o n e -h a lf  p o in t  a re  a lso  
p re se n te d .
The averaged  o n e -h a lf  chroma p o in ts  from T able 8
19
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p re se n te d  In  g ra p h ic a l fo ra  in  F ig . 4 . In  o rd e r  to  compare 
th e se  g raphs w ith  th e  p rev io u s  work done by Se^>owski ( I 963) ,  
th e  d a ta  from th a t  s tu d y  a re  a lso  shown.
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n .d .  l e  0 ,8
E stim ated  C3iroma a t  
O n e-h a lf  p o in t  l e  6 .2
5 10
F lg . 3, Sample p lo t  o f  r e l a t i v e  frequency  o f  Judg­
ments "more l i k e  th e  e h ro a a t le  anchor" a s  a  fu n c tio n  
o f  th e  In te rm e d ia te  s tim u lu s , w ith  v i s u a l ly  e s tim a ted  
p r o b l t  l i n e  and e s tim a te d  o n e -h a lf  p o in t  and j . n . d .  
d a ta  f o r  ch rom atic  anchor 58 5 /1 ^  w ith  s u b je c t  SO,
92 An 4
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T able  6
M id -po in t Chromas and j . n . d s . *  f o r  each 0 and each
S a t u r a t io n  I n t e r v a l
Chromatic Anchor o f  I n t e r v a l
O bservers / 1 4 / 1 2 / lO A s / lO
LM 6 .6 6 .7 3 .8 6 .3 6 .0
(0 .4 ) ( 0 .4 ) ( 0 .3 ) ( 0 .5 ) ( 0 . 4 )
KP 7 .0 7 .0 5 .7 6 .0 5 .7
( 0 .5 ) ( 0 .7 ) (0 .4 ) ( 0 .4 ) ( 0 .4 )
14K 5 .9 5 ,5 5 .6 5 .9 5 .6
( 0 .3 ) ( 0 .3 ) ( 0 .3 ) ( 0 .5 ) ( 0 . 5 )
OB 5 .5 5 .5 5 .0 6.2 5 .6
( 0 .6 ) (0 .5 ) ( 0 .4 ) ( 0 .7 ) ( 0 .6 )
MV 5 .3 5 ,3 5 .3 5 .9 5 .4
( 0 .5 ) ( 9 .6 ) 1 0 ,5 ) ( 0 .4 ) ( 0 .5 )
OC 6 . 9 6 ,0 5 .7 6 .2 6 .1
(0 .6 ) (0 ,6 ) ( 0 .4 ) ( 0 .4 » ( 0 .4 )
8G 6 .7 6.1 4 .8 6 .0 5 .8
0 .7 ) ( 0 .4 ) ( 0 .5 ) ( 0 .5 ) ( 0 .3 )
FS 6 .0 5.B 3 ,5 6 .3 5 .6
( 0 .3 ) (0 .4 ) (0 .3 ) (0 .6 ) (0 .9 )
OF 6 .4 6 .0 5 ,6 7 .0 6 .1
(0 .8 ) (0 .3 ) (0 .4 ) ( 0 .3 ) ( 0 .4 )
BG 6 .5 5 ,3 5 ,0 6 . 3 5 .0
( 0 .4 ) (0 .5 ) (0 .3 ) (0 .3 ) (0 .3 )
IW 3 ,2 3 .0 3 .0 5 .7 6.0
(0 .3 ) ( 0 .3 ) (0 .3 ) ( 0 .6 ) (0 .6 )
CM 6 .3 5 .0 5 .0 6 .0 5 .4
( 0 .4 ) (0.6) ( 0 .3 ) (0 .3 ) ( 0 .4 )
*
The numbers i n  p a r e n th e se s  are  th e  j . n . d s .  as determ ined  
by the  s e m i - i n t e r q u a r t i l e  range  
arsssasssssssssssBSssssssssaasssssssssssxassrassssssaasssssssa
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T able 7
M id-poin t Chromas and j . n . d s .  * fo r  eaeh 0 and 
each s a tu r a t io n  I n te r v a l
Q îrom atic Anchor o f  I n te r v a l
O bservers A 4
5% 5 /  
A 2 A c
2.5G 5 /  
A 2 A o
LM 5.6 4 .7 5 .2 5.7 4 .8
(0 .6 ) (0 .4 ) (0 .6 ) (0 .4 ) (0 .3 )
MP 6 .4 6 .1 5 5 6 .0 5 .7
(0 .3 ) (0 .4 ) (0 .3 ) (0 .4 ) (0 .5 )
MK 4 .5 5 .0 4 .8 4 .7 4 .2
(0 .6 ) (0 .5 ) (0 .3 ) (0 .3 ) (0 .3 )
GB 4 .7 4 .5 3.9 3.7 3 .5
(0 .5 ) (0 .5 ) (0 .5 ) (0 .5 ) (0 .4 )
MV 5.0 5 .0 4 .8 5 .0 4 .0
(0 .4 ) (0 .4 ) (0 .4 ) (0 ,5 ) (0 .7 )
GO 5.6 5 .7 5 .7 5 .7 5 .4
(0 .5 ) (0 .4 ) (0 .4 ) (0 .6 ) (0 .6 )
SG 5.7 5 .0 5.0 3.9 4 .0
(0 .5 ) (0 .4 ) (0 .4 ) (0 ,4 ) (0 .5 )
PS 5 .5 5 .6 4 .7 5 .5 4 .4
(0 .4 ) (0 .4 ) (0 .4 ) (0 .4 ) (0 .4 )
CP 6 .7 6 .6 5 .5 5 .0 4 .7
(0 .4 ) (0 .4 ) (0 .5 ) (0 .4 ) (0.4)
BG 5 .5 5 .0 5 .0 4 .3 4 .3
(0 .4 ) (0 .4 ) (0 .4 ) (0 ,4 ) (0 .3 )
RD 5 .3 4 .7 4 .8 3.5 3.0
(0 .6 ) (0 .3 ) (0 .3 ) (0 .4 ) (0.3)
CM 5 .8 5 .5 5 .0 5 .0 4 .8
(0 .4 ) (0 .6 ) (0 .6 ) (0 .9 ) (0 .5 )
♦ Ihe numbers in  p a re n th e s is  a re  th e  j . n . d s .  a s  determ ined  by th e  
s e m i- in te r q u a r t i le  ran g e .
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Chromatio Anchor o f  S a tu ra tio n  I n te r v a l
F ig . 4 . Mean m id -p o in t chroma a t  each s a tu r a t io n  in te r v a l
in  s tu d ie s  by Seapowski and Fleming
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTIB IV 
DISCUSSION OP RESULTS
The M uneell s c a le  o f  chroma was d esigned  to  be an 
equal in te r v a l  sca le*  The r e n o ta t io n  th e  O p tic a l S o c ie ty  
o f  America in  1943 was c a r r ie d  o u t to  f u r th e r  r e f in e  th e  
sca le*  S ince th e  s c a le  has a  m eaningful zero  p o in t  ( n e u tr a l  
g rey ) i t  fo llo w s from th e  d e f in i t io n  th a t  th e  M unsell chroma 
s c a le  should  be a  r a t i o  s c a le .  However, Sempowski ( I 963 ) ,  
has p re se n te d  ev idence th a t  M unsell chroma numbers r e p re ­
se n t s a tu r a t io n  r a t i o s  o n ly  f o r  th e  low chromas up to  chroma 
4 o r  5* Sempowski used  a  b is e c t io n  p ro ced u re , in  which th e  
m id -po in t was found in d i r e c t ly  by a  method o f  l i m i t s .  The 
r e s u l t in g  s c a le  was developed o n ly  up to  chroma 10 f o r  th re e  
hues o f  in te rm e d ia te  ts r ig ^ tn e s s . The p re s e n t experim ent 
a tte m p ts  to  c a rry  Sempowski*s work f u r th e r ,  t h a t  i s ,  to  
ex tend  th e  r a t i o  s c a le  to  th e  h i p e s t  chromas a v a i la b le ;  and 
to  determ ine  th e  f e a s i b i l i t y  o f  an a l t e r n a t e  method o f  in ­
d i r e c t  s e a l in g ,  u s in g  a  method o f  c o n s ta n t s t im u l i .  In  
a d d i t io n  to  t h i s ,  s in c e  Sempowski used  a  method which y ie ld ­
ed c o lo rs  in  th e  f ilm  mode, and th e  M unsell ch ip s  a re  common­
ly  used  in  th e  s u r fa c e  mode, th e  p re s e n t experim ent was 
designed  in  such a  way th a t  th e  c o lo rs  were viewed in  th e  
su r fa c e  mode.
30
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The r e s u l t s  o f  th e  p re s e n t experim ent in d ic a te  
th a t  th e  M unsell chroma s c a le  i s  n o t a  t r u e  r a t i o  sca le*
For th e  hues 5R 5 / ,  5Y 5 / ,  2 . 5G 5 / ,  th e  judged o n e -h a lf  
p o in ts  a re  below th e  expected  num erical o n e -h a lf  p o in t  o f  
a  t r u e  r a t i o  sca le*  For th e  $PB 5 / t  however, th e  judged 
o n e -h a lf  p o in t  i s  n o t s ig n i f i c a n t ly  d i f f e r e n t  from th e  
num erical o n e -h a lf  po in t*  Green shows th e  g r e a te s t  d i s ­
crepancy . I t  would n o t be p o s s ib le  to  c r e a te  a  r a t i o  sc ­
a le  from th e  a v a i la b le  d a ta ,  b u t i t  i s  e v id e n t t h a t  a  
s c a le  d e riv e d  in  t h i s  manner would v a ry , w ith  th e  d i f f e r ­
en t c o lo r s ,  from th e  p re s e n t M unsell sca le*  The o n e -h a lf  
p o in ts  o b ta in e d  in  t h i s  s tu d y  compare w ith  th o se  o b ta in ed  
by Sempowski (1963). In  both  s tu d ie s  th e  o n e -h a lf  p o in ts  
f o r  th e  red  and yellow  hues were low er th an  th e  num erica l 
o n e -h a lf  p o in ts ;  th o se  o f  th e  b lu e  were s l i ^ t l y  h ig h e r .
The r e s u l t in g  d a ta ,  when p lo t t e d ,  show cu rv es which a re  
s im ila r  excep t f o r  a  b reak  where th e  two s e t s  o f  cu rves 
jo in  (F ig , 4 ) ,
The p r e c is io n  o f  th e  p re s e n t d a ta  i s  com parable 
to  s tu d ie s  done in  th e  p as t*  The ju s t  n o t ic e a b le  d i f f e r ­
ences o f  s a tu r a t io n  o b ta in e d  from th e s e  d a ta  compare fav o u r­
ab ly  w ith  th e  to le ra n c e s  s e t  by th e  M unsell C olor Company 
fo r  th e  re p ro d u c tio n  o f  th e  c o lo r  ch ip s  (Judd and Wyszecki 
1963 , p , 306)* The average  j . n . d ,  o f  0 ,4  chroma o b ta in e d  in  
t h i s  s tu d y  i s  a s  a c c u ra te  a s  th e  to le ra n c e s  o f  0 .4  to  0 .6
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chroma s e t  f o r  th e  re p ro d u c tio n  o f  th e  c o lo r  c h ip s . The 
in te r - o b s e rv e r  v a r i a b i l i t y  o f  th e  p re s e n t s tu d y  (S .D .o f  
2 ) i s  sm all and compares w ith  th e  r e s u l t s  o b ta in e d  by 
Sempowski (1963}, ( 8 .D. o f  2 .3 ) .  T his a ls o  m eets G a m e r 's  
( 1959» p . 1007) ,  c h ie f  o b je c t io n  to  th e  u su a l r a t i o  
m ethods, when he w r i te s  " th e  in te r - o b s e rv e r  d if f e re n c e s  
p ro v id e  th e  l a r g e s t  s in g le  sou rce  o f  v a r i a b i l i t y  in  th e  
d a ta " .
One p o s s ib le  sou rce  o f  e r r o r  in  th e  p re s e n t 
s tu d y  can be a t t r i b u t e d  to  th e  f a c t  th a t  th e  M unsell c o lo r  
ch ip s  cou ld  o n ly  o b ta in e d  in  2-chroma s te p s .  These s te p s  
were l a r g e ,  compared w ith  th e  j . n . d . ,  and h en ce , o n ly  th r e e  
in te rm e d ia te  s t im u li  gave frequency  d a ta  s u i t a b le  fo r  f i t ­
t i n g  th e  p r o b i t  l i n e s  (ze ro  and 100 p e rc e n t frequency  a r e ,  
o f  co u rse , u n u sa b le ) . T his d a ta  lo s s  undoubtab ly  i n t r o ­
duced some e r r o r  in  e s tim a tin g  th e  o n e -h a lf  p o in ts .  In  
a d d i t io n  to  t h i s  th e  M unsell c o lo r  ^ i p s  were developed 
u nder c o n d itio n s  o f  i l lu m in a n t "C" and u s in g  a  w h ite  o r  
g rey  su rround  which were n o t used  in  t h i s  experim en t.
Some su g g e s tio n s  f o r  f u r th e r  s tu d y  a re  e v id e n t 
from th e  p re s e n t  f in d in g s . T his s tu d y  and th a t  o f  Sempow­
sk i ( 1963) in c o rp o ra te  two p sychophysica l methods and two 
modes o f  c o lo r  p r e s e n ta t io n s ;  i . e . ,  Sempowski used  th e  
method o f  l im i t s  w ith  th e  f i lm  mode, and th e  p re s e n t s tu d y  
used th e  method o f  c o n s ta n t s t im u l i  w ith  th e  s u r fa c e  mode.
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Further s tu d ie s  could be done u sing  the remaining combina­
t io n s , th a t i s ,  th e method o f  l im it s  with the su rface mode 
and the method o f  constant s t im u li with the film  mode.
This would y ie ld  four s e t s  o f  data for  comparison.
Althougd* Jones and Lowry (1926) d id  a study to  
determine the j .n .d .  s tep s  o f  sa tu ra tio n , which were 
achieved by varying th e co lo r im etr ic  p u r ity , t h is  could be 
done again in  terme o f  th e Munsell co lor ch ip s . The w r iter  
has not been ab le to  d iscover  work done to  compare the  
Munsell s c a le  w ith a j .n .d .  s c a le  in  sa tu ra tio n .
The Munsell co lo r  ch ip s , as used in  t h is  study, 
have a sm all error in  hue, va lue and chroma. This error  
could be p a r t ia l ly  elim inated  u sing  on ly  two co lo r  
d is c s ,  on a co lo r  mixing w heel, in  whiWi each co lo r  repre­
sented  each anchor p o in t, th a t i s ,  one n eu tra l grey and the  
o th er , th e saturated  hue. These anchors could be view ed, 
along w ith the m ixture, Iqr means o f  a strob oscop ic  l ig h t  
source.
A furth er su ggestion  would be to  repeat the pre­
sen t study, p resen tin g  the s t im u li for  a co n tro lled  tim e, 
using a tach istoscop e*  This con tro l o f  exposure tim e 
could be expected to  reduce the v a r ia b i l i t y  o f  the judg­
ments, both from t r i a l  to  t r i a l  and between 0 s .
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CHAPTEB V 
SUMMARY
The purpose o f  t h i s  s tu d y  was to  in v e s t ig a te  
th e  r a t i o  p r o p e r t ie s  o f  th e  M unsell chroma n o ta t io n  f o r  
c o lo r  s a tu r a t io n ,  Sempowski (19&3)# u s in g  a  newly develop­
ed in d i r e c t  b is e c t io n  te c h n iq u e , has p re se n te d  ev idence 
th a t  th e  M unsell numbers do n o t g e n e ra lly  r e p re s e n t  p e r ­
ce ived  s a tu r a t io n  r a t i o s .  Sempowski employed a  v e rs io n  o f  
th e  c l a s s i c a l  method o f  l im i t s  in  h i s  s c a l in g  p ro ced u re  and 
worked w ith  M unsell ^ ro m a  o n ly  a s  h igh  as 10. The p re s e n t  
study  em ploys, th e  method o f  c o n s ta n t s t im u li  and u ses  
chromas up to  14.
The b a s ic  te ch n iq u e  i s  th a t  o f  th e  b is e c t io n  o f  
a s a tu r a t io n  i n t e r v a l ,  u s in g  s ta n d a rd  p sy c h o lo g ic a l p ro ­
cedures to  de term ine in d i r e c t ly  th e  m id -p o in t o f  th e  i n t e r ­
v a l .  The m id -p o in t o f  th e  in t e r v a l s  from g rey  to  chromas 
14 , 12, and 10 were o b ta in e d  f o r  th e  M unsell h u es , r e d ,  
y e llo w , g reen  and p u rp le -b lu e .
The r e s u l t s  showed a  d if fe re n c e  in  judged o ne- 
h a l f  p o in ts  a s  compared w ith  th e  ezpeo ted  num erica l one- 
h a l f  p o in ts  f o r  th e  r e d , yellow  and g reen . Those o f  th e  
p u rp le -b lu e  were v e ry  c lo se  to  th e  expected  nu m erica l o n e- 
h a l f  p o in t .  The method o f  c o n s ta n t s t im u li  proved to  be
34
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a  s a t i s f a c to r y  method fo r  o b ta in in g  th e  o n e -h a lf  po in t*
The r e s u l t s  were found to  be in  keep ing  w ith  r e ­
la te d  work done in  th e  p a s t .  The r e s u l t in g  s c a le  o f  s a t ­
u r a t io n  was s im i la r  to  th a t  o f  Sempowski ( 1963}• The j . n . d ,  
o f  s a tu r a t io n  i s  com parable to  th a t  used  by th e  M unsell 
Color Company fo r  c o n tro l  o f  th e  re p ro d u c tio n  o f  th e  c o lo r  
c h ip s .
C e rta in  f u r th e r  ex p e rim en ta tio n  seems to  be in ­
d ic a te d  from th e s e  r e s u l t s .  D iffe re n c e s  in  r e s u l t in g  s c a le s  
could be in v e s t ig a te d  by a  m ethodo log ica l s tu d y  in  which th e  
b is e c t io n  o f  th e  in te r v a l  was done Iv  th e  method o f  l im i t s  
and by th e  method o f  c o n s ta n t s t im u li  w ith  v a r io u s  modes o f  
p r e s e n ta t io n  o f  th e  c o lo r s .  Â j . n .d .  s c a le  cou ld  be con­
s t r u c te d  u s in g  th e  M unsell c o lo r  c h ip s . E rro r  cou ld  be 
elim m ated by u s in g  th e  g rey  and r e d ,  f o r  exam ple, on a  c o lo r  
wheel w ith  a  s tro b o sc o p ic  l i g h t  sou rce  fo r  m ixing th e  c o lo rs . 
Some o f  th e  v a r i a b i l i t y  between s u b je c ts  cou ld  be e lim in a te d  
by c o n tro l le d  tim e o f  p r e s e n ta t io n  o f  th e  s t im u li  u s in g  a  
ta c h is to s c o p e .
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